Abstract: 3-Alkyl(Aryl)-4-amino-4,5-dihydro-1H-1,2,4-triazol-5-ones (2) reacted with 2-furoyl chloride and thiophene-2-carbonyl chloride to afford the corresponding 3-alkyl(aryl)-4-(2-furoylamino)-4,5-dihydro-1H-1,2,4-triazol-5-ones (3) and 3-alkyl(aryl)-4-(2-thienylcarbonylamino)-4,5-dihydro-1H-1,2,4-triazol-5-ones (4), respectively. The new compounds synthesized were characterized by using IR, 1 H-NMR, 13 C-NMR and UV spectral data together with elemental analysis. In addition, to investigate the effects of solvents and molecular structure upon acidity, compounds 3 and 4 were titrated potentiometrically with tetrabutylammonium hydroxide in four non-aqueous solvents (isopropyl alcohol, tert-butyl alcohol, N,N-dimethylformamide and acetonitrile). The half-neutralization potential values and the corresponding pK a values were determined for all cases.
Introduction
1,2,4-Triazole and 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives are reported to show a broad spectrum of biological activities such as antifungal, antimicrobial, hypoglycemic, antihypertensive, analgesic, antiparasitic, hypocholesteremic, antiviral, anti-inflammatory, antitumor and anti-HIV properties [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . These observations prompted us to synthesize some new 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives with potential biological activity. In addition, several articles, involving the acylation of 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives, have also been published up to date [11, 12, 15, 16] .
On the other hand, it is known that 1,2,4-triazole and 4,5-dihydro-1H-1,2,4-triazol-5-one rings have weak acidic properties, so some 1,2,4-triazole and 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives were titrated potentiometrically with tetrabutylammonium hydroxide in non-aqueous solvents, and the pK a values of the compounds were determined [11, [17] [18] [19] [20] . We have previously described the synthesis and potentiometric titrations of some new 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives in different nonaqueous medium [21, 22] , where we determined the pKa values of these compounds for each nonaqueous solvent.
The aim of this work is to synthesize a series of 3-alkyl(aryl)-4-(2-furoylamino)-4,5-dihydro-1H-1,2,4-triazol-5-ones (3) and 3-alkyl(aryl)-4-(2-thienylcarbonylamino)-4,5-dihydro-1H-1,2,4-triazol-5-ones (4) from the reactions of 3-alkyl(aryl)-4-amino-4,5-dihydro-1H-1,2,4-triazol-5-ones (2) with 2-furoyl chloride and thiophene-2-carbonyl chloride, respectively (Scheme 1). Moreover, the synthesized compounds 3 and 4 were titrated potentiometrically with tetrabutylammonium hydroxide (TBAH) in four non-aqueous solvents, including isopropyl alcohol, tert-butyl alcohol, N,N-dimethylformamide and acetonitrile to determine their pK a values. For each new compound synthesized, the halfneutralization potential (HNP) and the corresponding pK a value were determined in the four mentioned non-aqueous solvents. The data obtained from the potentiometric titrations were interpreted, and the effect of the C-3 substituent and solvent effects were studied [17] [18] [19] [20] [21] [22] . Determination of pK a values of active constituents of certain pharmaceutical preparations is important, because their distribution, transport behavior, bonding to receptors, and contributions to metabolic behavior depend on the ionization constant [23] . 
Results and Discussion
In this study, the structures of the newly synthesized 3-alkyl(aryl)-4-(2-furoylamino)-4,5-dihydro-1H-1,2,4-triazol-5-ones (3) and 3-alkyl(aryl)-4-(2-thienyl-carbonylamino)-4,5-dihydro-1H-1,2,4-triazol-5-ones (4) were identified using elemental analysis and IR, 1 H-NMR, 13 C-NMR and UV spectral data, and these obtained spectral values were seen to be compatible with literature reports [24, 25] . In addition, these newly synthesized compounds 3 and 4 were titrated potentiometrically with tetrabutyl-ammonium hydroxide (TBAH) in non-aqueous solvents such as isopropyl alcohol (ε=19.4), tert-butyl alcohol (ε=12), N,N-dimethylformamide (ε=37) and acetonitrile (ε=36).
The mV values were plotted versus TBAH volumes (mL) added, and thus potentiometric titration curve was formed for all the cases. From these curves, the HNP values were measured, and the corresponding pK a values were calculated.
As an example, the potentiometric titration curves for 0.001 M 3-Benzyl-4-(2-furoylamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (3c) solutions titrated with 0.05 M TBAH in isopropyl alcohol, tertbutyl alcohol, N,N-dimethylformamide and acetonitrile are given in Figure 1 . As it is clearly seen in Figure 1 , a typical S-shaped titration curve was obtained. The half-neutralization potentials (HNP) and the corresponding pK a values for compounds 3 and 4, obtained from the potentiometric titrations with 0.05 M TBAH in isopropyl alcohol, tert-butyl alcohol, N,N-dimethylformamide and acetonitrile, are given in Table 1 . As it is well known, the acidity of a compound depends on some factors. The two most important factors are the solvent effect and molecular structure [18] [19] [20] [21] [22] [26] [27] [28] . Table 1 shows that the HNP values and the corresponding pK a values obtained from potentiometric titrations depend on the nonaqueous solvents used. The results obtained illustrate that tert-butyl alcohol is the best solvent. As can be observed in Figure 1 , for example, the potential jump of compound 3c in the end-point is very large for tert-butyl alcohol ranging from -266 mV to -599 mV. In addition, Table 1 shows that the molecular structure of titrated compounds affects the HNP and corresponding pK a values depending on the substituents at C-3 in the same solvent.
Experimental

General
Melting points were taken on a Electrothermal digital melting point apparatus and are uncorrected. IR spectra were registered using KBr disks on a Perkin-Elmer 1600 FTIR spectrometer. 1 H-NMR and 13 C-NMR spectra were recorded in DMSO-d 6 with TMS as internal standard on a Varian Mercury spectrometer at 200 MHz and 50 MHz, respectively. UV absorption spectra were measured for ethanol solutions in 10 mm quartz cells between 200 and 400 nm using a Shimadzu UV-1201 spectrophotometer. For potentiometric titrations, a Jenway 3040 ion analyser pH meter (calibrated according to the instructions of the manufacturer) equipped with an Ingold pH electrode were used. During the titrations, the titrant was added in increments of 0.05 mL after each stable reading, and the corresponding mV values were recorded. Chemicals were supplied from Fluka and Merck. After purification, isopropyl alcohol was used to prepare 0.05 M tetrabutylammonium hydroxide (TBAH). For all potentiometric titrations, 0.05 M TBAH in isopropyl alcohol was used. The starting compounds 2a-e were prepared from the reactions of the corresponding ester ethoxycarbonylhydrazones (1a-e) with hydrazine hydrate according to literature [16, 29] .
General Method for the Preparation of 3-alkyl(aryl)-4-[2-furoylamino]-4,5-dihydro-1H-1,2,4-triazol-5-ones (3) or 3-alkyl(aryl)-4-[2-thienylcarbonyamino]-4,5-dihydro-1H-1,2,4-triazol-5-ones (4):
3-Alkyl(aryl)-4-amino-4,5-dihydro-1H-1,2,4-triazol-5-one (2) (0.01 mol) was refluxed with a solution of the appropriate heteroaroyl chloride (2-furoyl chloride or 2-thiophenecarbonyl chloride) (0.01 mol) in n-butyl acetate (40 mL) for 6 hours and then allowed to cool. The product was recrystallized from an appropriate solvent to give 3 or 4. The following compounds were prepared applying this procedure: (24400) nm. 
3-Methyl-4-(2-furoylamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (3a
3-Ethyl-4-(2-furoylamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (3b
3-(4-Chlorobenzyl)-4-(2-furoylamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (3e
3-Phenyl-4-(2-furoylamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (3f
3-Methyl-4-(2-thienylcarbonylamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (4a
3-Ethyl-4-(2-thienylcarbonylamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (4b
3-Phenyl-4-(2-thienylcarbonylamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (4f
